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EFFECT ON TRANSONIC AND SWEBSONIC DRAG OF FUSEL4GE 

GLOVFS DESIC-NED TO GIVE A SMOOTH OVERALL AREA D I S T a I B U T I O N  

TO A S“EF’T-VING--BODY COMBINATION 

By James  Rudyard Hall 

A free-fl ight  investigation  into  the  effect  of fuselage  gloves, or 
local  increases  in  volme,  designed t o  improve the  overall   longitudinal 
area dis t r ibut ion of a swept-whg4ody combinetion revealed that a 
reduction of about 20 percent i n  maxhum pressure  drag WEB obtained. The 
drag  reduction  effected by the  use of gloves  decreased with increasing 
Mach number, becmiag  zero a t  a EZach llumber of about 1.35, the limit of 
the experiments. 

INTRODU=TION 

The poss ib i l i ty  of reducirg  configuration d-reg by adding  fuselage 
volume i n  the form of a glove to  give a I’zvorable overall   are=  distribu- 
t i on  is a natural  extension of the area ru l e  promulgated in  reference 1. 
The theoret ical  computations of reference 2 indicate   the  possibi l i ty  of 
dreg  reduction  through  addition of fuselage volume. In the experiments 
of references 3 and 4, pressure-drag  reductions of as much as 30 percent 
were attzined by the  addition of gloves to   the  del ta-whg and unswept-wing 
configurations  tested. Other meported  wid-tunnel   emeraents   substan-  
t iate the  possibi l i ty  of redwing &rag by adding  fuselage volume t o  
improve the overall  area distribution. 

The purpose of the   cur ren t   t es t s  is  to show the drag benefits, if 
my, t o  be derived from the  addition of fuselage  gloves t o  E k5O swept- 
wing4ody combination. 
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SYmOLS 
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cross-sect imel   aree of equivalent body 

drag  coefficient, - u 
g v2s 

pressare-drag  coefficien-l, CD - CDsubsonic 

fuselzge length, 55 in.  (reference  length  for  nondimensionalizing 
the subject  area  distributions) 

k c h  number 

Xeynolds number 

r d i u s  of equivalent  bodies 

exposed wing area, 2.0 sq 5% 

velocity,  rt/sec 

distance rrom nose t o  fliselage  station,  in. 

density of air, shgs /cu  et 

KODELS AND TEST PROCEDURE 

The general  arrengenent of  t'ne models m d  the model coordinates  are 
shown in   f igure  1. l:odel photogrephs are shown i n  figure 2, and the 
longitudinal erea distriblztions  appeer i n  f igure 3 .  The models were 
identical  except f o r  the  eddition of a fiber-gless glove to  the  fuselage 
of model 2, ::.hich provided  the volume necessary t o  give a favorable  over- 
a l l  area  distribution t o  the model. The additional volume is shown as 
the shaded p o r t i m  of figure 3 .  The mxin;um increase in  fuselage  radius 
required  to  provide  this  additional volume wzs 0.20 inch. The increased 
radius  represents an increase of 17 percent  in ~ x i m m  cross-sectional 
Erea of the  fuselage. The t o t a l  iscrease  in  fuselage volume due to   t he  
gloves was 7 percent. 

The xodels enployed a corstant-thickness 450 s-zeFt wing of hexagonal . 
section. The thickness   ra t io  was 0.052 a t  the   t ip  and 0.029 a t  the  root. 
The t ape r   r e t io  ves 0.56 and the  aspect  ratio Tras 3 . 3 .  The 5-inch- 
diameter fuselage vas of f ineness  ratio 11.2 v i t h  E nose f ineness   ra t io  4 



of 3.5 ,md z,n 8O conical   boat te l l .   Constmt- thiclaess   ver t iczl  t a i l  f i n s  
with beveled  edges were use&. The models were constructed of 2bS-T alu- 
minx- alloy. 

The models were rcceleratzd  to  supersonic  velocFties by a 5-inch ENks 
booster and a 3.25-fnch "k 7 aircraf t   rocket  motor carr ied  internal ly .  4- 
photogrrph of a model e-rld booster on the  launching stand is shorn- i n  
f igure 4. 

%e models carried no internal instrumentation, but were tracked by 
SCEi 584 radar t o  give a fl ight-path  history and by Doppler ve loche te r  
t o  give s. velocity  history.  A survey of atmospheric  temperature,  pres- 
sure, hmidi-ly, ead wind was pr0vided.by.a  rader-tracked  radiosonde 
released a t  the time of the  launchhg. The m o d e l  drag  coefficienk w s  
determined fron  the above infometion by the method described i n  
reference 5.  

The Reynolds number rm-ge of the tests based OD the  w i n g  m e a n  zero- 
W-2-ni.c chord varied from 7.5 x 106 at  a Mzch  number of 1.35 t o  3.3  X 106 
E t  a Mcch number of 0.75. 

The probzble mxbm errors  of the   resu l t s  are as follovs: 

The neasured  drag a l d  pressure drag of' the  experi?re.nkalmodels me 
shown in   f igure  5. It cen be seen that the use of fuselage  gloves t o  
provide E. favorable  overall axea dis t r ibut ion  resul ted in 2 reduction in 
mxin?xn pressure dreg of 0.0045, or  about 20 percent. The reduction  per- 
sisted with  decreasing  mgnitude UI, t o  a Ekch  number or" 1.35, the exteat  
of the measurements. The supersonic  body-plus-fin  drag  fron  refereme 6, 
a d  the subsonic  body-plus-fin  drag from reference 7 corrected Tor tvo 
fins and decreased  bzse dimeter, a re  sho-dn in  f igure 5 .  Note t h a t  the 
aadition of gloves  eliminates a lmge  percentage 02 the-pressure-drag 
increment due t o   t h e  wings a t  E Vach nunber of 1.07. The effectiveness 
of the  gloves  diminishes t o  zer@ ne= a Mach  number of 1.35 m d ,  extrz- 
polating, would produce a hi&er  drag beyoEd e Mach  number of 1-35. This 
re su l t  5 s  5n agrement  with %hose of reference 8 wherein tests of Lndentcd 
sk-eptbzck wing-body conbinztions vith smooth transonic mea dis t r ibut ions 
had adverse  drag  effects a t  M2cb numbers  beyond the  lov-sapersonic  range. 

A conpuison of the mxinun  pressure  drag  for the t e s t  models calcu- 
lz ted by the method of  reference 9 is shorn- i n  figure 7. The calculated 
leve l  i s  considerably  different from the measured l e v e l  of pressure drag, 
but  the  calczlated  increment due t o  the  gloves  agrees  fzirly  well  w i t h  
the  measme6  increment. On the basis of these  calcuktfons,   the  re= 
glove i s  about %wice es efficacious as the fomazd  glove  in retiucil.lg the 
drag of the wing-body coEbination. 



* Kention night be made of %he r e su l t s  of reference 10, wherein an 
unswept whg  with B rapid  ra te  of change of area st the   t ra i l ing  edge was 
tes ted on a fuselage  ident ical   to  t'ke fuselege of the  present  investiga- a 

t ion.  The use of a single glove  behind the wing effected no iaproveznent 
i n  drag, probEbly becmse of the  hi&  surface slopes required on the  glove 
m-Ci the   fac t  thzt only one glove VES used.  ExFerinents  described i n   r e f -  
erence 4 cmcern  the  use of gloves w i t h  an  unsvept w i n g  of moderate teper; 
a reduction  in  drag of about 30 percent was effected by the use of gloves, 
the  slopes of which xere only about half as severe as those  in  
reference 10. 

It nay be concluded from the  present   tes ts  m d  those  reported i n  
references 3 an6 4 that reductions'in  pressure  drag a t  transonic and low- 
supersonic  speeds nay be  eflected  by  the  addition of gloves t o  a fuselage 
combined with straight, svept, or de l ta  wings. 

Langley Aeronautical  Laboratory, 
National Advisory Committee fo r  Aeronautics, 

Langley Field, Va.  , August 18, 1954. 
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Figure 1.- General arrangement or the  test vehicles. Model 1 is identical 
t o  model 2 cxccpt for addition of fuselage gloves t o  model 2. A l l  
dimensions are i n  inches. 
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(b) Model 2 showing fuselage gloves. 

Figure 2.- Photographs of the  tes t   vehicles .  
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(c )  Area distribution. 

Figare 3.- Plan view of model 1, and nondimensional area distribution 
and  radius distribution of both models. 
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L-83780 
Figure 4.- Typical nodel and booster on lzuncher just prior t o  firing. 
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(a) Drag-coefficieEt variation. 
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(3) Pressure-drag-coefficient variation. 

Figure 3 . -  Drag-coefPicient  and  pressure-drag-coefficieot variation 
with Mach number. 
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